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• Microalgae selection and isolation follow established and well-known 
microbiological methods; 
 
• Mixotrophic cultivation allows the use of multiple carbon sources as an energy 
source; 
 
• Agroindustrial and domestic waste can be used to improve biomass production;  
 
• Microalgae can produce biocompounds with anticancer and anti-inflammatory 
activities. 
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Abstract: Microalgae are aquatic unicellular microorganisms that can be found both in 
freshwater and marine systems; are capable of photosynthesis; and can grow as individual 
cells or associated in chains or small colonies. Microalgae cultivation has gained large 
momentum among researchers in the past decades due to their ability to produce value 
metabolites, remarkable photosynthetic efficiency, and versatile nature. The wide 
technological potential, and thus increasing amount of scattered knowledge, may become 
the very first barrier that a post graduating student, or any non-specialist reader, will face 
when introduced to the subject. In this review paper, we access the core aspects of 
microalgae technology, covering their main characteristics, and comprehensively 
presenting the main features of their various cultivation modes and biological activity from 
metabolites. 
Keywords: Microalgae; Microalgae Selection and Isolation; Green Products; Microalgae 
Cultivation; Bioactive Compounds. 
 
INTRODUCTION  
Microalgae, or microphytes, are defined as aquatic unicellular microorganisms that can 
be both found in freshwater and marine systems [1]; are capable of photosynthesis [2]; and 
found in many shapes and sizes, ranging from three to ten micrometres [3]. Cyanobacteria, 
also called blue-green algae, are frequently considered part of the same group due to their 
physiological characteristics and ‘photofermentation’ feature [4]. They can grow as 
individual cells or associated in chains or small colonies [5] and play an important role in 
aquatic ecosystems due to their photosynthetic capability [6].  
While studies related to metabolism of microalgae can be found since the 1960s [7], 
subsequent projects acknowledged their ability to produce high value metabolites and 
remarkable photosynthetic efficiency [8], showcasing their wide-range solution potential. 
Subsequently, several other aspects of the culture, such as the effects of light intensity in 
cell growth [9] or its safety evaluation when using it as food sources, were assessed [10]. 
The variety of microalgae species assessed is considerably restricted, compared to the 
forty thousand which had their names published [11]. Research community has focused on 
those which had shown high protein content [12], ability to produce carotenoids and fatty 
acids [8], and several other high value products [12]. The biodiversity of microalgae 
represents an almost untapped resource. Nearly thirty years ago, before the trend had 
started, Norton et al. [13] estimated that between 200,000 and several million species 
existed, compared with about 250,000 species of higher plants. 
At the time, microalgal biomass culturing was only considered promising when 
integrated to systems in which it could simultaneously reduce environmental problems [14]. 
The commonly obtained photosynthetic yield (15-25 g • dry-weight • m-2 • day-1) was 
considered prohibitive due to the amount of land, energy and nutrients required.  
However, successive oil crises coupled with the well-known finite nature of oil reservoirs 
[15] has changed the world’s perspective and led several research groups to work towards 
sustainable solutions to yield a less oil dependent energy grid. This change in global 
paradigm has also raised concerns regarding global warming, sustainability, and several 
other environmental problems [16] in which, in a way or another, microalgae cultivation has 
room as a promising alternative for replacing existing processes [17]. 
In fact, microalgae cultivation not only fulfils the requirements for an alternative energy 
source to cover future demand of energy, but also overcomes land based renewable energy 
crops due to its high productivity (per area-time) and use of non-arable lands [18]. These 
features of microalgae have been cited as the reasons to invest significant amounts of 
capital required to turn algae technology mature and economically feasible and able to offset 
oil-based processes on renewable fuel production [19]. 
  Microalgae: Cultivation Aspects and Bioactive Compounds  3 
 
Brazilian Archives of Biology and Technology. Vol.62: e19180343, 2019 www.scielo.br/babt 
On the other hand, the steep rise of the world’s population in the coming decades is 
predicted to make achieving adequate nutrition a growing global concern, which puts 
microalgae cultivation as potential alternative food crop for both human and animals [18]. 
Microalgae cultivation can provide a diverse number of essential nutrients [20]. 
Combined with the ability of microalgae to grow rapidly and produce more biomass per 
hectare than vascular plants, this process can soon cost-effectively satisfy the need for 
products of high nutritional value at large scale. Besides, an extensive large-scale cultivation 
would not put a stress on land availability, since it uses both land and water sources that are 
unsuitable for agriculture. 
This review will present comprehensively the main aspects of microalgae technology 
from their cultivation to the production of high value molecules. Therefore, this manuscript 
aims to establish some basic knowledge for any non-specialist reader who wants an 
introduction to microalgal technology. This is accomplished by addressing the generalist 
selection and isolation methods, as well as cultivation modes and their role on the modern 
drug discovery and subsequently provides a solid foundation for future researchers.  
 
SELECTION AND ISOLATION 
The wide range of applications in which microalgae may play a key role in the future, 
e.g. phytoremediation or carbon capture [21], requires their full characterisation in order to 
select the most promising species for each use, thus contributing to the understanding and 
success of microalgal processes [22]. 
Microalgae selection and characterisation consist of: identifying species with higher 
growth rate and high conversion yield; defining the best cultivation mode to maximise 
production of the target molecule (or biomass); using low-cost growth medium; selecting a 
harvest method that maximises nutrient recovery and reuse as well as product recovery and 
global yield [23]. Table 1 presents a set of desirable features of microalgae and their main 
advantages.  
 
Table 1: Desirable features of microalgae for mass production. Adapted from Griffiths et al. [24]; 
Klein et al. [25]. 
Feature Advantages 
High growth rate 
 Competitive advantage over competing species 
 Smaller area of crop required 
High product content  Higher biomass value 
Growth in extreme 
environments 
 Lower contamination rates and degradation rates  
Large cell size, colonial, or 
filamentous morphology 
 Lower costs for harvesting and processing 
Wide tolerance to 
environmental conditions 
 Lower control of required culture conditions. Growth 
over the range of seasons and ambient climatic 
conditions 
High CO2 tolerance and 
absorption 
 Increased potential for CO2 sequestration and use of 
CO2 residues 
Shear force tolerance  Cheaper pumping methods and medium 
Tolerance to contaminants 
 Potential growth in polluted water and flue gases 
containing high CO2, NOX, and SOX 
Absence of production of 
self-inhibitors 
 Smaller self-inhibition of growth (at high biomass 
densities) 
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Their short life cycle (hours to days), high nutrient absorption rate [26], and capability to 
grow in both fresh and marine waters [1] allow researchers to process the screening of 
several species in miniaturised systems, reducing development costs and intensifying 
process design. These features, associated with their high photosynthetic efficiency and 
possibility of cultivation in either mixotrophic or heterotrophic modes are their main 
advantages compared to other photosynthetic organisms [27].  
While the synergetic effect of bacteria-algae consortium has been previously reported 
[28], algal species are often isolated and identified prior to their use following mostly 
traditional microbiology techniques. Isolation promotes separation from mixed cultures or 
environmental samples and must be chosen according to sample conditions and microalgae 
type.  
Their selection and isolation follow established and well-known microbiological 
methods. Isolation by serial dilution consists in diluting successively a non-pure algae 
sample to decrease cellular density per volume to such level that a simple seeding from this 
diluted solution will likely originate a single-type colony, as described by Thomas et al. [29]. 
Isolation using agar plates follows the same procedure for bacteria and other 
microorganisms: a solid agar-nutrient medium is prepared using a suitable composition 
based on the natural environment of microalgae or desirable features [30]. The medium will 
not only provide the conditions for organisms to grow but will also prevent contamination 
from external sources by manipulating its pH, temperature, and composition. The technique 
per se consists in spreading evenly a small fraction of the inoculum, usually using 
platinum-rhodium loops, throughout the surface of the agar plate. Stanbury et al. [31] 
described these methods in detail. In some cases, it is necessary to combine isolation 
techniques with the use of antimicrobials or use of filtration or even greater dilutions in the 
isolation of the microalga. Beware that particular species, such as Arthrospira platensis, will 
require specially designed methods, as well as a suitable nutrient medium and photoperiod. 
 
CULTIVATION MODES 
As microalgae cultivation technology is one of the factors considered to be restricting an 
economically feasible industrial-scale production [32], it is necessary to develop lower-cost 
operation modes which can increase biomass (or a chosen target molecule) production and 
thereby reduce the cultivation costs. 
Though most research is realized through photoautotrophic and heterotrophic 
cultivation modes, there are algae that can grow under mixotrophic [33] and 
photoheterotrophic modes [34]. On autotrophic cultivation, microalgae generate organic 
compounds by using sunlight to process an inorganic carbon source, mainly CO2 [35]. 
Carbon dioxide requirements are usually met by dispersing atmospheric air using a 
submerged liquid/gas equipment [36]. The open pond system, which has been used since 
the late 1950s due to its simplicity, is the most primitive system for their cultivation [34]. 
However, its susceptibility to contamination by other microalgae and microorganisms [37], 
and temperature variations throughout day/light periods [38] makes the open pond system 
not suitable for large scale culture [34]. 
Closed photobioreactors were developed to overcome the abovementioned 
weaknesses (among others) of open pond systems, resulting in a series of reactor designs 
[39] which increased surface to volume ratio and system reliability [40]. An aseptic, low-cost 
and weather independent process is still a challenge, since closed systems costs are 
substantially higher than open pond systems [41] and thereby prohibitive depending on the 
target product. 
Microalgae growing under heterotrophic cultivation depend upon metabolism of organic 
compounds available that will provide carbon source and energy [42] and have a much 
smaller surface to volume ratio requirement than autotrophic cultivations [43] due to their 
ability to grow under dark conditions [42]. 
Heterotrophic microalgae culture has proven to be able to accelerate both cell growth 
rate [34] and cell density [44], decreasing costs for their cultivation and harvesting. Also, 
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glucose used as main source for heterotrophic cultivation has been gradually replaced by 
low-cost alternatives, such as the hydrolysed product obtained from cellulosic materials [45], 
glycerol [42], or wastewater from several sources [46].  
Despite an increase of contamination susceptibility [47], usage of an organic carbon 
source offers the opportunity to dramatically reduce microalgae cultivation by reusing 
surplus nutrient found in several factory effluents [48-50] or domestic wastewater [34]. Such 
potential led researchers to combine microalgae cultivation with wastewater treatment, 
yielding reports which describe the outstanding production of lipids [51] and biomass [52] as 
well as nitrogen and phosphorus assimilation [53], when growing under heterotrophic mode.  
Mixotrophic cultivations have been summarized as a two-stage mode in which the 
microalgae will experience a high initial organic carbon content but will be induced to 
assimilate CO2 autotrophically due to organic matter depletion [34] and produce oxygen 
through photosynthesis [54]. By integrating a dark-light cycle to a mixotrophic cultivation, the 
microalgae will grow under autotrophic and heterotrophic optimum conditions, combining 
the advantages of both cultivation modes, and thus increase biomass and lipids [55]. 
The existence of multiple cultivation modes, as described above, implies that such 
organisms assimilate carbon through various metabolic pathways, both in presence or 
absence of light [56]. Venkata Mohan et al. [57] thoroughly presented metabolism 
schematics for each cultivation mode. In summary, carbon conversion to glucose requires, 
under photosynthetic light conditions, three ATP and two NADPH, which were generated 
during the light absorption process [57]. During the dark-cycle, however, carbon dioxide 
fixation occurs in a three-step reaction which yields glucose. Figure 1 presents a simplified 
version of the mixotrophic carbon fixation under nutrient limiting conditions that lead to lipid 
biosynthesis. 
 
Figure 1. Schematic diagram for mixotrophic carbon fixation and lipid synthesis. Adapted from 
Venkata Mohan et al. [57]. 
Mixotrophism makes use of the most advantages of heterotrophic and autotrophic 
modes by using either light or carbon as the energy source on its nutrition pathways and 
therefore having no light dependency [21].  In such conditions, acetyl-CoA will be produced 
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and maintained from both the CO2 fixation and extra cellular organic carbon (see Figure 1), 
showing reduced photo inhibition. Mixotrophic cultures are often observed in ecological 
water bodies where they are supported by both chemical, physical, and organic activity of 
the biota [57]. 
Zhan et al. [34] assessed some of the main advantages and disadvantages of 
mixotrophic cultivation, highlighting differences regarding its energy conversion efficiency, 
photosystem activity, and ability to preserve valuable pigments in illuminated conditions, 
such as carotenoids and chlorophylls, and concluded those depend mostly on microalgae 
species and the source of organic matter. 
 
GREEN PRODUCTS POTENTIAL 
Despite our civilisation thriving throughout the surface of the 70% water-covered planet, 
it was not before the 1960s that research regarding Marine Natural Products (MNP) was 
engaged, focusing on drug discovery only during the 1980s [58]. During the following 
decades, over 28,000 novel compounds were being discovered every year [59], which still 
leaves an estimated number of 91% of marine species (vegetal and animal) awaiting 
description [60].  
The microalgae biomass market has a size of about 5,000 t/year of dry matter and 
generates a turnover of capital of US$ 1.25×109 per year [61]. While profitability of 
microalgae-based processes is still questionable [62], energy-efficient and sustainable 
production will not only balance environmental and business interests but it will also be very 
good for publicity. Seemingly, the feasibility and sustainability of an industrial scale 
microalgae industry seems to depend upon the successful development of a microalgae 
biorefinery.  
The concept of biorefinery derives directly from the petroleum counterpart, where a raw 
product is converted into several other value-added products. While essentially similar to the 
traditional refinery, this biorefinery would process microalgae biomass and convert it to a 
wide range of product, such as biofuels, pharmaceuticals, food, and other products [22] (see 
Figure 2). Besides, it represents a promising pathway to investigate the integration of carbon 
mitigation processes and the use of alternative growth mediums.  
An alternative growth medium often can use wastewater in its composition in virtue of 
the presence of several required components. The cost of biomass production will vary 
according to the amount of nutrients used to supplement those already in the wastewater. 
Consequently, the cost will be smaller than for a cultivation which uses a synthetic medium. 
The wastewater treatment by microalgae was studied on effluents from paper industry, 
fish farming [49], petroleum industries, pharmaceutical industry [63], textile industry [64], 
sugarcane [65], and many others [66]. Such are usually combined with anaerobic 
pre-treatment to avoid algal growth inhibition caused by the high COD concentration [67]. 
Wang et al. [67] accessed the potential of algae-bacteria association as a major strategy for 
cost reduction. It is believed that the associated bacteria reduce photosynthetic oxygen 
tension by consuming the O2 produced by the algae as their electron acceptor, and supply 
essential nutrients like vitamins and other compounds [68], and even allow microalgae 
growth under iron deficient conditions [69]. 
 
Figure 2. Process Flowchart for a Multiple Products Conceptual Biorefinery 
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Among the many bioactive compounds known to be produced by microalgae are 
vitamins, lipids, pigments, lipids, and polysaccharides [8]. The very similar nature of all 
compounds produced during microalgae cultivation, the downstream of these molecules in a 
cost-effective manner are the main challenges in establishing a microalgae-based 
bioprocess. Some of those chemicals have demonstrated anticancer [70], anti-infective [71], 
antioxidant [72], immunostimulatory [73], anti-inflammatory [74] activities, and 
hypocholesterolaemia effect [75].  The following topics describe briefly three of the most 
researched biological activities observed in microalgae-derived bioproducts, while details 




Antioxidant is a biological macromolecule which protects organisms or their vital 
compounds against oxidative radicals [76]. Many natural antioxidants are often components 
of cosmetics as an active ingredient or for maintaining stability, protecting, and preserving 
properties of the product. While antioxidant compounds are essential for cosmetics 
production, their application in functional food and nutraceuticals is still growing [77, 78]. The 
antioxidant capacity of microalgae-derived products is especially desired in pharmaceutical 
applications, mostly for oxidation-associated diseases [79]. 
Microalgae, as photosynthetic organisms, are subjected to elevated concentrations of 
reactive oxygen species (ROS) and have developed a mechanism to protect themselves 
from the free radicals. The produced antioxidants are the mechanism’s foundation, 
preventing cell damage by preventing ROS accumulation in the microalgae [80]. Given 
biodiversity of microalgae, easy cultivation, and growth modulation, they can be considered 
among the top natural resources with outstanding antioxidant potential [81]. 
Ita et al. [82] tested methanolic extracts from three different microalgae: I. galbana clone 
Tahiti, T. chuii, and D. salina. All three showed high antioxidant activity, Dunalliela sp. and 
Tetraselmis chuii having the highest ones, D. salina produced the best inhibition result of 
62.19 % at 500 ppm. Meanwhile T. chuii showed the best result with 71.36 % of inhibition at 
1000 ppm. There are many other reports of antioxidant activity found in microalgae species, 
Synechocystis [83], Chlorella [72], and Scenedesmus subspicatus [84]. 
 
Anticancer Activity 
World Cancer Report of 2014 by the International Agency for Research on Cancer 
(IRAC), from World Health Organization (WHO), states that cancer is a public health issue, 
manly among developing countries where 20 million new cases are expected within the next 
decades [85]. Cancer is a leading cause of death worldwide, accounting for 8.8 million 
deaths in 2015, according to WHO. 
Natural products and their derivatives represent more than 50% of all drugs in clinical 
use in the world and almost 60% of approved drugs for cancer treatment [86]. Bioactive 
extracts from marine cyanobacteria are effective in destroying cancer cells by inducing 
apoptotic death or affecting cell signalling by activation of protein kinase C family signalling 
enzymes [86].  
The number of studies on finding new compounds with anticancer properties has grown 
in the past years. Lauritano et al. [74] evaluated the anticancer properties of 32 microalgal 
species by testing the antiproliferative activity against human melanoma cells (A2058). 
Somasekharan et al. [87] observed from a marine Canadian microalgae extract the inhibition 
of colony forming ability of cancer cells and suspended cancer cells were the preferential 
killed.  
Stevenson et al. [88] identified scytonemin, an isolate from Stigonema sp., as a protein 
serine/threonine kinase inhibitor. Scytonemin regulates mitotic spindle formation as well as 
enzyme kinases involved in cell cycle control and the compound also inhibits proliferation of 
human fibroblasts and endothelial cells [88].  
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Thus scytonemin may provide an excellent drug, as protein kinase inhibitors have 
antiproliferative and anti-inflammatory activities [89]. Chen et al. [73] extracted sulfated 
polysaccharides from Tribonema sp. (TSP) a filamentous microalgae and tested in liver 
cancer cells, HepG2. Using MTT test indicated that the TSP has anticancer activity and is 
result of induced cell apoptosis. 
 
Anti-inflammatory Activity 
The inflammatory response to an injury stimulus can come from an infection or from 
cells stimulated by physical damage, neuropeptides, or radiation [90]. Independently from 
which was the first stimulus, the classic inflammatory response includes pain, heat, blush, 
and tumour. Temporary vasodilatation starts increasing the permeability of blood borne 
defences to the affected area [91].  
Guzmán et al. [92] found that aqueous extracts of C. stigmatophora and P. tricornutum 
could reduce carrageenan-induced paw oedema in rats. With a dose of 250 mg/kg, the 
highest, the inflammation was reduced by 90% and 87%, respectively. The algal extracts 
showed an anti-inflammatory activity that is about 25%-30% that of the reference 
anti-inflammatory used (indomethacin). This is a reasonable result considering that a pure 
synthetic product was compared with a crude extract which might contain other elements 
that could interfere with its activity. 
Spirulina is a filamentous microalgae with a high nutritional value and it is widely used 
as nutraceutical food supplement worldwide [93, 94]. Apart from its nutritional importance, it 
also shows medical properties, including anti-inflammatory activity. A component present in 
Spirulina called phycocyanin inhibits pro-inflammatory cytokine formation, as TNF, 
decreases prostaglandin E(2) production, and suppresses cyclooxygeanase-2 (COX-2) 
expression, as Khanra et al. [94] reported. 
-carotene, another compound present in Spirulina, when accumulated suppresses the 
transcription of IL-1β, IL-6, and IL-12, inflammatory cytokines, in macrophage cell line 
stimulated by lipopolysaccharide (LPS) or IFNγ [93]. 
 
FINAL CONSIDERATIONS 
In this review, we have presented a set of core aspects regarding microalgae cultivation 
and some of the high value bioactive molecules produced. A variety of modes in which these 
organisms can be cultivated were also introduced, allowing to explore their biotechnological 
potential and to favour bio-based processes. While a full extent discussion of the microalgae 
subject would yield a prohibitively lengthy manuscript, this review provides a comprehensive 
list of scientific articles to enrich the reader’s knowledge and lays the foundation for more 
complex concepts such as integrated biorefineries. The very same principles that were 
introduced in this article form the basis of the wide range of applications derived from 
microalgae technology and its impact on the worldwide implementation, e.g. carbon 
mitigation strategies.  
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